Introduction: The risk of Mycobacterium tuberculosis complex (MTBC) infection is correlated with the concentration of infectious particles and exposure time. In closed populations, healthy people staying in very frequent, close and prolonged contact with a smear-positive person, become infected and represent another link in the chain of transmission of the disease. Therefore, in the fight against tuberculosis, an important element is quick identification of the patient and potentially infected people from his environment. In epidemiological investigation of tuberculosis (TB), family members are brought under special control as they are particularly exposed to transmission of infectious diseases.
Introduction
Programmes to combat tuberculosis to much extent relies on correct diagnostic microbiology allowing to identify the patient, introduce therapy based on antibiogram and facilitate control over the spread of disease. Control and prevention of transmission of infectious diseases consist of many medical and administrative activities. Currently, the key role in determining the source of infection and tracing the chain of transmission is played by the microbiological laboratory, which, owing to genetic testing, provides irrefutable evidence for molecular affinity of bacterial strains. The employment of techniques of molecular epidemiology is possible due to recognition of genomes, marker genes and insertion sequence-elements which are used as specific molecular probes. Molecular genetic tests provide information on the spread of disease and identify epidemic outbreaks [1] .
In small populations, such tests detect transmission, track the way of transmission of a patho-gen to subsequent hosts and its termination. The analysis of the disease incidence in a small population frequently allows to establish epidemiological links between patients, supplying information about their contact with their environment, thus facilitating identification of the source of transmission. The literature includes numerous reports on evidenced transmission of tuberculosis in the populations of homeless people, patients and hospital staff, in penitentiary institutions, schools and households. In such hermetic groups, healthy people are in frequent, close and long-lasting relations with patients, they are infected and thus become a consecutive chain of transmission of disease. Therefore, to fight tuberculosis, it is crucial to rapidly identify the patient and potentially infected people from the patient's surroundings [2, 3] .
Genetic methods are a significant supplement to epidemiologic investigation. Due to the necessity of rapid recognition of epidemic outbreaks, simple molecular techniques allowing to obtain a result within several hours are employed. Of importance is the choice of a method with highly differentiating potentiality that enables identification of genetic differences among endemic strains not belonging to the transmission outbreak under investigation.
In epidemiological investigations of tuberculosis, special attention is paid to the groups of close relatives of patients as they are particularly exposed to transmission of disease due to prolonged contact with the patient and high concentration of infectious agents in the surroundings of the smear-positive individual [4] .
The present paper is the first in Poland analysis of the problem of tuberculosis transmission in family environment. The aim of this study was to answer the question: do people living close to a smear-positive family member are infected due to direct transmission, and if not, how frequent are infections from other than family sources?
Material and methods
The study group included 150 patients with bacteriologically confirmed tuberculosis diagnosed in health care centres in Poland. Microbiological data were obtained from the laboratory staff, and information about the patients (name, age, address) from the documentation collected by clinicians. The study population represented all TB cases detected among family members between 2003 and 2013. confirmed by isolating Mycobacterium tuberculosis complex strains.
The subjects came from 59 families. In 40 families, 2 tuberculosis patients were identified, in 10 families -3 patients, in 2 families -4 patients, in 4 families -5 patients, in 2 families -6 patients and in 1 family consisting of 15 members -12 people with tuberculosis were diagnosed. The subjects from one family lived together in one house/ flat and/or maintained close and frequent contact.
Taking into account degree of consanguinity, in 31 families tuberculosis affected parents and children, in 13 families -only siblings, 11 marriages, in 2 families it was diagnosed in grandparents and grandchildren, and in 2 families -in grandparents, their children and grandchildren.
The results of smear microscopy (AFB, Acid Fast Bacilli) stained with the Ziehl-Neelsen (Z.-N.) method were evaluated.
The strains were assigned to M. tuberculosis on the basis of niacin test and DNA strip assay, GenoTypeMTBC (Hain Lifescience, Germany). Drug-sensitivity of M. tuberculosis isolates was determined using GenoTypeMTBDRplus/sl (Hain Lifescience, Germany) and on the L.-J. medium in accordance with the methodology used in all laboratories in Poland [5] .
DNA was isolated from the culture on L.-J. medium using cetyl trimethylammonium bromide (CTAB) [6] .
Genotyping of M. tuberculosis isolates was made in accordance with the methods described, i.e. spoligotyping, IS6110-Mtb1-Mtb2 PCR and MIRU-VNTR typing [7−9] .
Results
Basing on data from the Central Tuberculosis Register (CTR) concerning the time of registration of patients, 18 families were found, in which a person who could be a possible source of infection (a source case) for other family members was identified (Table 1) .
A patient registered in the CTR as the first person from the family was considered to be the source case, whereas the remaining family members had tuberculosis diagnosed after at least one year. The Table illustrates consecutive TB episodes in a family with many children, consisting of 15 members. The first registered person was the father who was treated since he was 16 (1961) decades, only the mother and two daughters did not become ill. In 41 families it was impossible to clearly indicate the source of infection of the remaining family members. The time between registration of consecutive patients was too short and oscillated between several days and one year.
AFB smear status
Out of 150 specimens, 92 (61%) were positive, including 21 (14%) AFB+++, 19 (13%) AFB++ and 52 (35%) AFB+. In 58 (39%) smears, mycobacteria were not found (AFB−). In the population of patients with positive AFB, there were 4 families with children with TB aged 1−12 years (Table 2) .
Drug-resistance of strains
One hundred and forty (93%) strains sensitive to antituberculosis drugs were identified, 4 (2.5%) strains were resistant to streptomycin (SM), 2 (1.5%) -to isoniazid (INH), 2 (1.5%) -to isoniazid + streptomycin, and 2 (1.5%) -to isoniazid + rifampicin (RMP) + streptomycin + ethambutol (EMB) + ofloxacin (OFL) (pre-XDR resistance).
Drug-resistant strains were isolated in 4 families -in the family 26, from a sputum-positive mother (AFB+) and from a 12-year-old son, strains resistant to INH were cultured. In another family, from the father and 3 adult children, strains resistant to SM were isolated. In the family 54, from a sputum-positive daughter (AFB+) and her mother, pre-XDR strains were isolated. From the Chechen marriage (no 55), strains resistant to INH+SM were isolated (Table 3) .
Strains genotyping -tuberculosis transmission
The analysis of molecular formulas obtained in three genotyping methods (spoligotyping + IS6110-Mtb2-Mtb2 PCR + MIRU-VNTR) allowed to identify the strains of different and identical DNA profiles. Basing on phylogenetic relationship of the examined strains, it was found that in 53 families (90%), in which identical strains were isolated, probably transmission of tuberculosis took place or there was a common source of infection. Whereas in 6 families (10%), in which isolated strains had individual DNA profiles, patients could be infected by different sources outside their households.
Discussion
Exposure to infection with Mycobacterium tuberculosis complex is strictly associated with the concentration of infectious agents and exposure time. A smear-positive person with the result of smear AFB+++ is able to infect 20% of people from his or her surroundings, whereas smear-positive patients with AFB++/AFB+ pose a threat to at least 5% of their household members [10] . Therefore, patients with positive result of bacterioscopy and bad cough are highly infectious to healthy people maintaining with them daily contact [4, 11] . The most threatened are family members living in one home with a smear-positive person.
Although exposure to infection in the surroundings of a smear-positive person is well known, detection of people with tuberculosis in the environment of the TB patient remains poor in many countries. In Poland, some improvement in this matter has been observed recently (2012−2014), but still merely 3% of cases is detected (Fig. 1) [12] .
Epidemiological investigation among people remaining in close contact with the patient are usually of passive character. Only distinctive symptoms suggesting tuberculosis, and first of all persistent bad cough force the patient to visit a doctor. Active screening programmes undoubtedly may significantly improve the outcome of detection of patients with tuberculosis [13] . However, it is believed that searching for people with tuberculosis and those infected exclusively in the closest surroundings of a smear-positive person is insufficient and screening programmes should reach broader categories. Besides investigations focusing on family contacts and within small, closed communities, people with tuberculosis should be sought also in the general population, particularly in the countries of high TB incidence [14] .
Adult to children transmission of tuberculosis
Little children who spend at home most time and remain under surveillance of parents or custodians, are exposed to infection passed on by adults.
In children under 5 years of age, clinical symptoms of tuberculosis appear usually during the first year from infection. It may be assumed that the occurrence of tuberculosis in this group of patients indicates ongoing transmission, and a high number of cases may be the proof of some deficiencies in programmes for TB control in a given country [15] .
The present paper reports also 7 families in whom, apart from adults, five children aged 1−3 years and three children at the age of 12−14 years suffered from TB. In all cases, both in adults and living with them children, molecular formulas of the isolated strains were identical. It is worth highlighting that in the case of 4 families, high AFB smear status was found in adults who were the source cases for children.
When tuberculosis is newly diagnosed in children, the source of infection should be sought to stop transmission of disease to consecutive healthy people. However, it may be difficult to identify the source case when there are numerous sources of exposure. Detecting the real source of infection is of pivotal importance as it would allow to stop transmission and introduce proper treatment, in particular in the case of drug-resistant TB. It is of great significance in the event when TB is not microbiologically confirmed in a young patient. Then the only information about drug-resistance of the strain is supplied by the phenotype of the strain cultured from the adult who possibly was the source case [16] . In the present study, tuberculosis resistant to isoniazid was discovered in a mother of one child. The strain isolated from the child had the drug--resistance profile consistent with antibiogram of the mother's strain.
Children may be also infected by people from outside their family environment. In such situations, identification of the source of infection is usually unfeasible. The source case may come from the farther family, other children from a kindergarten, school, it may be also the person staying with the child in incidental contact -e.g. a bus driver or dental hygienist [17−19] .
In the analysed material, all children under 14 years of age were infected by their parents or siblings. Some uncertainty is associated with the family from the former Soviet Union, in which an adult with TB had not been identified. Taking into consideration that this region is characterised by high incidence of TB, the children could have been infected before arrival to Poland.
Transmission of drug-resistant strains
Drug-resistant TB, particularly MDR-and XDR-TB, constitutes one of the most serious threats to health of the human population and to correctly conducted programmes for tuberculosis. It becomes extremely dangerous when identified in a family with many little children. Such families should be under specific surveillance and according to experts, control of family members and other close persons should last 2 years in the case of MDR-TB, and 4 years -in the event of XDR-TB.
In 2010, scientists from the Philippines published the results of the study conducted among families with MDR-and XDR-TB. The subjects were observed for 180 days and 30 days (the so-called epidemiological window) after introduction of treatment, and then for consecutive 4 years. It was shown that during the epidemiological window, the number of individuals with TB in the families was comparable. The differences appeared after this period and were the biggest during the first year of observation. In the families with MDR-TB, the number of new patients was diminishing with time, whereas in the families with XDR-TB, the number of persons with TB remained at a high level until the end of the four-year long observation period. The obtained results were elucidated by the fact that patients with MDR-TB respond faster to treatment and pose threat to their surroundings for shorter time [10, 20] .
In the study group, in 2008, a mother and a daughter with pre-XDR-TB were detected. They are still in therapy and to date smear negativity has not been achieved. Follow-up examinations result in the MTBC culture of pre-XDR resistance and the patients remain in isolation.
Child to adult transmission of tuberculosis
Medical reports seldom document transmission of tuberculosis from children. Lack of such data is caused by the belief that children are not smear-positive and rarely are the source of infection to other people.
Obtaining epidemiological data concerning TB in children is problematic for several reasons: imprecise reports, difficulties in diagnosis of disease due to unspecific symptoms and low sensitivity of microbiological testing which confirms TB merely in small percentages of patients. Little children (< 5 years) seldom expectorate sputum, and even if such material is collected, in the majority of cases bacterioscopy does not give positive results [21] . Whereas gastric washings, which are the material recommended by WHO for microbiological diagnostic techniques of TB in children, rarely give positive result in microscopic examination, and culture is obtained in maximum 50% of cases. Modern diagnostic methods are limited to large urban centres and require high qualifications of the clinical and laboratory staff. Thus, many children with TB are never diagnosed and are not included in reports.
Transmission of tuberculosis from children, although occurs rarely, is possible.
In 1999, there was a case of a 9-year-old boy who infected among others his attendant, teachers and children going with him every day by school bus [22, 23] .
There are also several reports about child to adult transmission in hospitals. The source cases were over dozen-month-old children who required mechanical ventilation via endotracheal tube. The infected persons were attendants and nurses. Another report concerned a 5-year-old boy who infected 2 hospital workers [24, 25] .
In the present study, 7 families with children with TB aged 1−14 years were investigated. In one of these families, a grandparent was ill and a 14-year-old granddaughter, in whom a positive result was found on bacterioscopy. It has not been confirmed who in the family was the source case, it cannot be either excluded that both patients got infection from one source outside their household.
Transmission outside household
Epidemiological investigation of TB usually concludes that transmission occurs at home. However, even two identical molecular formulas of the strains may not be sufficient proof that the source of infection is a close relative. The source sometimes may be unidentified and come from outside household.
Detection of the source is easier in the countries (e.g. Holland), where epidemiological investigations are conducted actively. It was evaluated that transmission rate between family members may amount to 31−70%, whereas the source of infection comes from outside household in 18−30% of the studied contacts [26] .
In the present study, 6 (10%) families with patients infected with various tuberculosis strains were identified. This may be explained by the fact that these persons were working, socially active adults, so they could have met people with TB in their community. In such a population transmission of disease usually occurs by the so-called unconventional relations -in pubs, churches, car washes, car parks, at the hairdressers' and others, so in the circumstances, where place and time of contact are difficult to establish [27, 28] .
The above reports speak in favour of molecular methods of identification of DNA profiles of M. tuberculosis. They allow to indicate possible transmission between patients not epidemiologically linked. It is estimated that genetic techniques may increase by 40% the number of detected transmissions impossible to identify with conventional methods. According to molecular standards, epidemiological investigations concerning tuberculosis employ 2 genotyping methods -spoligotyping and the MIRU-VNTR typing, which combined, assuredly identify strains belonging to a common transmission chain [29] .
We applied the 3-stage molecular analysis of the strains. The results of the first step of the study proved that spoligotyping is insufficient for investigating the routes of transmission of mycobacteria -strains isolated from members of different families belong to the same spoligotypes.
Methods IS6110-Mtb1-Mtb2 PCR and MI-RU-VNTR showed real relationship between strains and presented a similar discriminatory power. The same results were obtained by using them individually and together. Therefore, there is no necessary to use a three-step strategy for genotyping, but spoligotyping, as a screening method, should be supplemented with additional analysis [30] ,
Conclusions
Family environment is the place where transmission of tuberculosis occurs frequently. The analysis confirmed the transmission of tuberculosis among members of 53 (90%) families. In the remaining 6 (10%) families the source of infection were people outside the households. This group formed adult patients often staying away from home -at work, at meetings in pub-lic places. Among all households with young children, strains isolated from them presented identical DNA patterns as strains obtained from their adult caregivers. As already mentioned, the molecular relationship between strains could be the result of recent transmission, but it is necessary to examine other factors causing the clustering results, especially in situations where there is no epidemiological evidence on the link between patients. The amount of recent transmission depends heavily on the genotyping system applied, and its discriminatory power determines the proportion of clustered isolates.
